Object. The authors report long-term follow-up seizure outcome in patients who underwent corpus callosotomy during the period 1981-2001 at the Montreal Neurological Institute.
T he surgical division of the corpus callosum to prevent the spread of epileptic discharges from one hemisphere to the other was first reported by Van Wagenen and Herren in 1940. 52 Since then, the surgical procedure has waxed and waned in popularity, but numerous refinements in operative techniques associated with reduced mortality and morbidity have led this procedure to be widely accepted as a valuable means of controlling medically intractable seizures in appropriately selected patients. 39, [52] [53] [54] [55] There is now little doubt that CC has a place in the treatment of patients with intractable seizures when focal resection is not possible and is effective in both adults [9] [10] [11] 20, 23, 26, 30, 31, 33, 36, 40, 43, 50 and children. 5, 13, 17, 19, 22, 24, 35, 37, 51, 56 Theoretically, CC disrupts the spread of seizures from one hemisphere to the other during generalization; thus the main goal of CC is to alleviate the severity of the seizures rather than to eradicate them. Clinical studies so far have indicated that the generalized seizures with falls (myoclonic, tonic and atonic) are the seizure patterns that are particularly likely to respond to this procedure. 1, 8, 9, 11, 12, 18, 20, 26, 28, 43 In addition to reduction in seizure frequency and severity, recent reports indicated improvements in behavior and good parental satisfaction. 14, 41, 42 Generally, patients who are candidates for CC have more than one type of seizure and seldom become seizure free following CC.
Although CC has been accepted as a surgical treatment in cases of intractable generalized epilepsy not amenable to focal resection, there is continuing controversy on the surgical effect of CC in some seizure types, the extent of surgery, and factors predictive of successful outcome. 9, 20, 49 The discrepancies among the studies reported so far are mainly due to the differences in outcome measures, the lack of standardized guidelines Long-term seizure outcome after corpus callosotomy: a retrospective analysis of 95 patients for preoperative evaluation, and a lack of standardized surgery. Furthermore, short-term outcome evaluation and small sample of patients studied are other factors that may lead to discrepancies between the clinical studies because recent reports suggest that seizure response after CC improves with time. 48 The aim of the present retrospective clinical report is to present the long-term seizure outcome following CC performed at the MNI. We report on a series of 95 patients with a variety of seizure patterns who underwent CC and have now been followed up for 5-25 years (mean 17.2 years).
Methods

Study Population
Between 1981 and 2001, a total of 134 patients underwent CC at the MNI; the records of all patients were retrospectively reviewed. Selection criteria for CC as described previously for this procedure 1, 3 were as follows: 1) the presence of medically intractable generalized seizures or partial seizures with secondary generalization; 2) absence of a single resectable epileptogenic focus; and 3) a malignant seizure pattern leading to injury, deterioration, or both, more particularly consisting of drop or akinetic attacks with unpreventable falling.
For this study, 95 patients were included. Among the 39 excluded patients were 21 who underwent combined frontal corticectomy; 7 who had frontal, temporal or occipitoparietal resection; 4 who had previously undergone anterior CC in different centers; 3 who underwent selective amygdalohippocampectomy; and 1 who underwent multiple subpial transection in addition to CC. Another patient, in whom Lafora disease was diagnosed after surgery, was also excluded and 2 patients died during follow-up.
Preoperative Evaluation
As preoperative evaluation, all patients underwent neuroimaging; initially CT, after 1984 MR imaging, continuous video-EEG monitoring, and neuropsychological studies. When indicated, SPECT or PET was performed to exclude resectable foci. In 7 patients, chronic intracranial recording with depth electrodes was carried out to localize or lateralize the epileptogenic area more accurately, but in none was a well-defined focus identified.
Surgery
All operations were carried out by the same surgeon (A.O.). The CC at the MNI has been described in detail elsewhere, 3, 27, 28 but some surgical insights are worth mentioning here. Over several years, the senior surgeon has brought several changes to callosotomy, which has now become fairly standardized at the MNI. Patient positioning is dependent on the hemispheric dominance. If the left hemisphere is dominant, the patient is placed in the lateral decubitus position with the right side down, so that gravity alone retracts the hemisphere away from the falx. The head is tilted upward toward the shoulder. On the other hand, if the right hemisphere is dominant, we prefer a left lateral decubitus position with the left side down. A curvilinear scalp incision with a superior limb on the midline and a vertical one extending down toward the zygoma anterior to the coronal suture is performed. The craniotomy is usually performed anterior to the coronal suture on the nondominant side and does not cross the midline. The opening of the dura mater is particularly crucial in the callosotomy procedure, and it should never be started close to the midline or in the parasagittal area but rather laterally at about 4 cm from the midline on the lateral edge of the craniotomy to prevent interference with or division of a frontal ascending bridging vein or a venous lacuna. Dural opening should be performed with magnification and strong illumination. The etiological factors for the patient's epilepsy may be associated with adherence between the dura and the leptomeninges. Therefore, constant visualization of the cortex underneath the dura is mandatory while it is being reflected. Any cortical vein draining the superior sagittal sinus should be preserved, and the dura should be divided and tailored around these vessels. The next crucial step is the separation of the interpial plane in between both cingulate gyri. The cingulate gyri are often adherent to one another anteriorly, and abnormally so in many patients with severe epilepsy. Thus, developing a strictly midline, interpial plane is mandatory, and this is best accomplished by a "blunt" dissection (that is, separation with fine forceps without coagulation). Midline blunt dissection should be reserved until the pericallosal arteries come into view. It should be kept in mind that callosomarginal arteries can be mistaken for pericallosal arteries. It is the visualization of the callosum itself with its glistening white appearance that will provide the most direct and clearest landmark. The callosum should always be approached strictly on the midline and in between the 2 pericallosal arteries. Sectioning of the callosum lateral to a pericallosal artery will damage the cingulate gyri and cause disruption of perforating vessels originating in the depth of the pericallosal sulcus, resulting in postoperative edema. Anterior callosal sectioning is performed from front to back, starting at the region of the genu and progressing backwards to the presplenium area. Aspiration of the genu continues down to the ependymal lining, which is recognized by its blue hue, without opening it. The rostrum of the genu is outlined by the anterior curves of the pericallosal arteries; there is no need to divide the rostrum. The callosal dissection is best achieved with the ultrasound dissector (Valleylab CUSA 200 system, Valleylab Medical Instrumentation, Inc.) set at very low parameters of suction and vibration. Using these low parameters, it is possible to preserve the ependymal lining as well as the ependymal veins. Meticulous hemostasis is absolutely mandatory, and ependymal rents are covered with Gelfoam to prevent blood from entering the ventricular cavity. The completeness of the anterior section (genu) is insured by following the anterior loop of the pericallosal arteries and visualizing their proximal segment below and subpial to the genu. The determination of the posterior extension is actually not easy due to lack of good anatomical landmarks. Thus, image guidance or neuronavigation, which has been used for many years at the MNI, is particularly useful to indicate the posterior extension (presplenial space).
For the posterior section, namely the splenium sec-tion, steps described for the anterior section are followed, but a posterior parietal craniotomy is performed. With the same attention to the integrity of the ascending veins, the falx is followed to the splenium. Exposure of the splenium and posterior body of the corpus callosum is always greatly facilitated by the posterior falx, which extends to the commissures itself. The splenium is divided in its entirety down to the internal cerebral veins without entering the velum interpositum.
Postoperative Evaluation
All patients underwent MR imaging, EEG monitoring, and a battery of neuropsychological tests postoperatively. Patients were followed up and examined at 6-to 12-month intervals, and in this study the latest followup data were evaluated. The extent of callosal section was determined by intraoperative anatomical landmarks and neuronavigation and later confirmed based on postoperative midsagittal MR imaging. Assessments of seizure frequency per month and severity were obtained from the families, caregivers, and patients. Seizure types were classified according to the international classification of seizures based on review of videotaped attacks or descriptions in nurses' notes or by family members.
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Seizure outcome assessment in this study was made according to the criteria suggested by Oguni et al. 26 for each type of seizure: Class A, seizure completely eliminated; Class B, marked improvement (> 75% reduction in seizure frequency or severity; severity of drop or akinetic attacks lessened at least to the extent that the patient no longer falls, although head dropping may persist); Class C, moderate improvement (50-75% reduction in seizure frequency, severity, or both); Class D, no significant improvement (< 50% reduction in seizure frequency, severity, or both); Class E, aggravation (increase in seizure frequency, severity, or both). If a patient had more than one seizure type, we used the most disabling seizure pattern for assessment of outcome. For categorical comparisons, this classification was further divided into favorable (FO [Class A + B]) and unfavorable outcomes (UFO [Class C + D + E]).
Statistical Analysis
Statistical analyses were performed using the SPSS software version 14.0. Data are reported as means ± SDs. We used the chi-square analysis according to the Fisher exact test for comparisons of categorical variables and an analysis of variance for comparisons of multiple continuous variables, and we defined p < 0.05 as a significant difference.
Results
Patient Characteristics
The demographic and clinical characteristics of the 95 patients included in this study are provided in Table  1 . Forty-nine of the patients were male and 46, female. The mean age at surgery was 24.03 years (range 3-60 years), the mean age at onset of epilepsy was 4.6 years (range 6 months-31 years), and the mean duration of epilepsy prior to surgery was 19.1 years (range 3-46 years). Follow-up ranged from 5 to 25 years, with a mean duration of 17.2 years.
General Cognitive Functioning
In this study, FIQ, VIQ, and PIQ scales were evaluated by using the full intelligence scale (Wechsler Adult Intelligence Scale-Revised and Wechsler Intelligence Scale for Children-Revised) in all patients pre-and postoperatively. Sixty-six patients (69.5%) were found to be mentally retarded. For categorical comparisons, this group was divided into severely retarded (12 patients 
Seizure Types and Epilepsy Syndromes
All patients in this series showed multiple types of seizures (Table 2) . Drop attacks resulting from tonic, atonic, or massive myoclonic seizures were present in 62 patients (65.2%) and were the most disabling seizure types, followed by generalized tonic-clonic seizures (24.2%). Multiple drop attacks resulting in frequent head injuries necessitated constant attention in almost all patients. Table 3 shows the most disabling seizure types. The mean numbers of seizure types were 2.8 ± 0.7/month (range 2-5 types) and 1.8 ± 0.9/month (range 1-4 types) before and after surgery, respectively. The number of seizure types at long-term follow-up was significantly decreased from baseline (p = 0.00001). In this study, monthly frequency of each seizure type was analyzed before and after surgery. At the latest follow-up, seizure frequencies per month for each type of seizure had markedly decreased from the baseline values (p < 0.002). Electroclinical characteristics confirmed Lennox-Gastaut syndrome in 16 patients; 14 patients had tuberous sclerosis, and Sturge-Weber syndrome was diagnosed in 3.
Neurological Deficits
A total of 39 patients (41.1%) showed neurological deficits before surgery. Seventeen patients had hemiparesis, 3 had hemiplegia, and 1 showed quadriparesis preoperatively. Eighteen patients showed minor neurological deficits, including ataxia and homonymous hemianopsia.
Imaging Findings
Cerebral structural lesions or abnormalities were neuroradiologically documented in 52 patients (54.7%) Global cerebral atrophy was the most common type of cerebral structural abnormality and was found in 26 patients (50%) before CC. Other structural lesions included hydrocephalus, bilateral perisylvian microgyria, cortical dysplasia, multiple calcifications, cystic lesions, and double cortex.
Electroencephalographic Patterns
In all patients preoperative interictal EEG patterns showed multifocal and generalized interictal epileptic discharges associated with significant disturbance of background activity. Most of these had slow spike-and-wave activity suggestive of secondary generalized epilepsy. It must be stressed that in all patients the interictal EEG pattern was multifarious. Thus, to facilitate the analysis, the preoperative interictal EEG pattern was divided into lateralized and nonlateralized abnormalities. Thirty-three (34.7%) and 62 (65.3%) of the patients showed lateralized and nonlateralized interictal EEG abnormalities, respectively. In 46 (48.4%) of the patients, interictal EEG findings were suggestive of localization. In this group of 46 patients, interictal EEG showed frontal, temporal, and central region epilepsy with good localization but without clear lateralization in 18, 3, and 1 patient(s), respectively. Eight of the 46 had frontotemporal, 7 frontocentral, and 2 frontocentroparietal epilepsy. The remaining 7 patients had frontoparietal or frontotemporal epilepsy. The most obvious findings in postsurgical interictal EEG patterns were the disruption of the bilateral and synchronous discharges and the better evidence of focal epileptiform activities.
Extent of the Callosal Section
Forty-four (46.3%) and 39 (41.1%) of the patients underwent division of the anterior one-half and the anterior two-thirds of the corpus callosum, respectively. Twelve (12.6%) patients in this series had total CC; complete division was carried out in either 2 (9 patients) or 3 (3 patients) operations. In the 39 patients who underwent division of the anterior two-thirds of the corpus callosum, the treatment was performed in 1 (18 patients), 2 (20 patients), or 3 (1 patient) operations. The mean time intervals between the first and the second and between the second and the third operations were 26.1 ± 23.3 and 22.0 ± 18.9 months, respectively. The effect of surgery (anterior one-half, anterior two-thirds, and complete division) on seizure outcome was compared.
Medication Outcome
No patient in this series was off AEDs during the follow-up period. Prior to surgery, none was receiving monotherapy. Forty-six patients (48.4%) were being treated with 3 AEDs, 24 (25.3%) with 2 AEDs, 21 (22.1%) with 4 AEDs, and 4 (4.2%) with 5 AEDs. On the other hand, when last seen, 34 (35.8%) patients were taking 2 AEDs, 27 (28.4%) were on 3 AEDs, 25 (26.3%) were on monotherapy, and 1 (1.1%) patient was taking 5 AEDs. Regardless of seizure outcome, the mean number of AEDs prescribed after surgery was significantly lower than at baseline (p = 0.00001).
Seizure Outcome According to the Most Disabling Seizure Type
In this study, none of the patients became seizure free. Table 3 demonstrates the overall seizure outcome according to the most disabling seizure type. Favorable outcome had been obtained in 70 patients (73.6%) and UFO in 25 (26.3%) at last follow-up. More than half of the patients with drop attacks or generalized tonic-clonic seizures had an FO. A total of 4 patients (4.2%) had worsening of epilepsy after surgery; tuberous sclerosis was diagnosed in 3 of these patients and 1 had Sturge-Weber syndrome. Improvement in seizures was seen with time, and although seizures reappeared in some patients 8-14 months postoperatively, their conditions subsequently stabilized. Table 4 . When we considered each kind of seizure pattern separately, the highest proportion of significant improvement was noted in generalized tonic-clonic seizures (77.3%), followed by drop attacks (77.2%), and generalized tonic and simple partial seizures (both 71.4%). Callosotomy resulted in total cessation of drop attacks and generalized tonic-clonic seizures in almost two-thirds of our patients. One of the most interesting findings in this series was that the majority of simple partial seizures were positively affected by CC. The poorest results were observed in complex partial seizures. The improved simple or complex partial seizures, however, were often associated with drop attacks preceded by an aura or staring, suggestive of secondary generalization. They did not have typical manifestations of simple or complex partial seizures of temporal lobe origin. During follow-up, 5 patients showed an increase in frequency of generalized tonic seizures without falling. Furthermore, in 1 patient, atypical absence and in another myoclonic seizure frequencies increased after CC.
New Seizure Patterns
During the follow-up, 11 patients showed new seizure patterns. In 2 patients with Lennox-Gastaut syndrome, mild focal motor seizures involving the left arm (1 patient) and atypical absence seizures (1 patient) appeared. One patient with Sturge-Weber syndrome started to have complex partial seizures with the head turning to one side followed by automatism, and 1 patient with tuberous sclerosis atypical absence seizure was noted. In the remaining 7 patients, who did not have any seizure syndrome, atypical absence (3 patients), simple partial seizure with aura (1 patient), and focal motor (3 patients) seizures were seen. In these 11 patients, the newly developed seizures were not as disabling as the preoperative ones.
Factors Related to Surgical Outcome
In this study, considered factors were age at onset of seizures, perinatal difficulties, developmental delay, mental retardation, epilepsy syndromes, neurological deficits (absence/presence of motor weakness), duration of seizures, seizure frequency, presence of structural cerebral lesions, interictal EEG pattern (absence/presence of lateralization), extent of callosotomy, and age at surgery. To facilitate statistical analysis, some variables were divided into subcategories. Two seizure outcome classes only were considered: "FO (Classes A + B)" and "UFO (Classes C + D + E)". Full intelligence quotients were categorized as severely retarded (FIQ < 30), moderately retarded (FIQ 30-60), mildly retarded (FIQ > 60), and no retardation (FIQ > 80). Monthly seizure frequency for each seizure type was grouped as follows: < 90, 90-180, and > 180 seizures, and since the number of patients who underwent total CC (12 patients) was substantially lower than the number who underwent other procedures, extent of CC was divided into 2 categories: anterior half and more than anterior half (anterior two-thirds + complete). The most disabling and common seizure types (drop attacks and generalized tonicclonic seizures) were considered in correlation analysis in terms of factors affecting seizure outcome.
Only 2 of the considered factors revealed a statistically significant association with the surgical outcome of both drop attacks and generalized tonic-clonic seizures (presence of epilepsy syndromes and extent of callosal section). Table 5 summarizes the statistical results related to factors that have been thought to possibly have an effect on surgical outcome. The relationship between epileptic syndromes and seizure outcome of drop attacks (p = 0.002) and generalized tonic-clonic seizures (p = 0.02) was significant. Of 16 patients who had Lennox-Gastaut syndrome with drop attacks, 12 (75%) showed FO. Of these 12, 6 were seizure free and 4 and 2 had Class B and C outcomes, respectively. In 9 patients (64.2%) in whom tuberous sclerosis was diagnosed, the outcome with respect to drop attacks was favorable (FO). Five and 4 patients had Classes A and B outcomes, respectively, and 4 and 1 had Classes C and D, respectively. With respect to generalized tonic-clonic seizures, 10 patients (62.5%) who were diagnosed as having Lennox-Gastaut syndrome had FO and 6 had UFO. Of the 10 who had FO, 6 had Class A outcomes and 4 Class B. Ten patients (71.4%) in whom tuberous sclerosis was diagnosed had FO with respect to generalized tonic-clonic seizures. The outcome was Class A in 5 of these patients, Class B in 5; the outcome was Class C (UFO) in 3. One patient in the tuberous sclerosis group had increased seizure frequency (Class E). Three patients who had Sturge-Weber syndrome as- sociated with generalized tonic-clonic seizures had FO (all Class A). Significant association was found between the extent of the longitudinal section of the corpus callosum and the surgical outcome of drop attacks and generalized tonicclonic seizures. An FO of both drop attacks (p = 0.04) and generalized tonic-clonic seizures (p = 0.02) was seen more frequently in the group of patients who had resection of more than the anterior one half of the corpus callosum (Table 5) . It is to be noticed that in the only patient who did not benefit from a second operation, complete callosal section was considered.
Complications
In this study, a total of 11 (11.5%) patients showed early postoperative complications, and none died. Four patients (4.2%) had surgical complications. One had an epidural hematoma that required reoperation. Following the evacuation, the patient recovered and was discharged in 10 days without any neurological complications. Another patient had a bone flap infection associated with an intracranial abscess, which was subsequently evacuated. A third had a collection of blood between the galea and the bone flap without residual neurological deficit.
In the fourth patient, skin sutures became detached during the second postoperative day and were resutured the same day without any complication. Four patients (4.2%) showed transient neurological deficits in the early postoperative follow-up period. Two had transient contralateral weakness of the leg (left leg, anterior right craniotomy). Decreased verbal output was noted in 2 patients and disappeared within 2 weeks in both cases. We think that this complication is more likely due to interference with both cingulate gyri and with disruption of cingulum fibers bilaterally. Of interest is the fact that none of our patients who underwent section of more than the anterior half of the callosum has presented evidence of cerebral disconnection syndromes detectable at the bedside. This may be due to the lower number of patients who underwent complete callosal sectioning (12 patients) in this series. Three patients (3.15%) had nonsurgical complications: 1 patient had a venous thrombosis of the leg and 2 had aspiration pneumonia and fever. All the complications noted in our series were transient.
Discussion
The present findings from a long-term follow-up study confirmed the following: 1) CC can significantly reduce drug-resistant generalized seizures that are not amenable to focal resection; 2) generalized tonic-clonic seizures and generalized seizures associated with falls are the most likely improve; 3) generalized tonic and myoclonic seizures may be improved by the procedure; and, finally, 4) complex or simple partial seizures of extratemporal origin also improve with callosal section.
Since the first report in 1940, 52 numerous refinements in the surgical technique have been made, and the indications for callosotomy have expanded to include individuals with simple and complex partial seizures of multifocal origin in addition to generalized intractable seizures that are not amenable to focal resection.
1,3,39,52-55 Refinements in surgical procedure have markedly decreased mortality and morbidity rates. Several reports have supported the common notion that results after callosotomy are best in patients with generalized tonic-clonic seizures and drop attacks, 4, 9, 18, 20, 23, 25, 26, 33, 34, 39, 40, 50 while complex partial seizures with or without secondary generalization and atypical absence seizures are associated with the worst outcomes. 5, 11, 17, 43, 45 A significant number of clinical studies have, however, shown different results with respect to seizure outcome and prognostic factors, including extent of resection, severe mental retardation, and clinical, radiological, and EEG evidence of unilateral lesion. Wide variability of patient selection, different seizure outcome classification, varying extent of callosal section, and short-term follow-up in most case series cause the main discrepancies among the reports and make interstudy comparisons difficult. Especially, it should be noted that the extent of follow-up may be an important factor influencing final reports of outcome since studies have shown that seizure responses increase after CC with time.
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The extent of resection has been a subject of considerable controversy. It has been reported that anterior section is effective 9, 20, 26, 40 but that complete callosotomy can be twice as effective and significantly reduces or eliminates generalized seizures of all types. Some authors have advocated complete callosotomy in patients whose condition does not improve substantially following anterior callosal section. 49, 50 Conversely, other case series have supported the concept that sectioning of the anterior two-thirds of the corpus callosum may be sufficient for many patients and have demonstrated postoperative in improvement in about 75%. 4, 26, 29, 38, 39, 51 We think that one of the most important issues regarding the extent of section is that earlier studies suggesting that anterior two-thirds section is less effective lacked postoperative MR imaging assessment of the extent of resection. The results published here supported our previous report 26 that section of the anterior two-thirds of the corpus callosum produced significantly better results than section of the anterior half. Completion of callosotomy was performed in 12 patients in our series due to unsatisfactory seizure response after the first operation. Nine patients with drop attacks and 8 with generalized tonic-clonic seizures attained > 75% seizure reduction after completion of callosotomy. These findings show that patients with more widespread epileptogenic areas require more extensive procedures, and diffuse cerebral involvement has been found to predict lack of response to anterior section alone. Thus, on the basis of our results and those demonstrated in other case series, complete resection is not necessary, at least initially, in the management of intractable generalized seizures or drop attacks, and it should be reserved as a possible second stage in those cases in which anterior two-thirds resection fails to produce sufficient improvement. We believe that initial sectioning of the anterior two-thirds of the corpus callosum provides an optimal seizure outcome for the majority of the patients; we do not routinely consider complete callosal section as an initial surgery.
Another common controversy that has been discussed for many years is whether mental retardation has an effect on surgical outcome after CC. Some previous studies have shown that severe mental retardation may be associated with UFO following CC, 9, 31, 40, 49 while others have failed to confirm such an association. 17, 20, 24, 26, 43, 44 According to some reports, severe mental retardation should be a contraindication for CC, and patients with severe mental retardation or preoperative low IQ may have a greater risk for developing neuropsychological deficits. 30, 33 Our results, however, are strikingly different from those reports that showed a relationship between seizure outcome and mental retardation. Furthermore, our results showed that the extent of callosotomy has no effect on cognitive outcome. Both VIQ and PIQ scores were unchanged in every patient, regardless of sectioning of the callosum. More importantly, callosotomy in our study led to an increase in FIQ, which emphasizes that intellectual decline after CC is rare. In our study population, significant improvements (FO) in terms of seizure outcome with respect to drop attacks were achieved in 75, 86.2, and 52.1% of patients with drop attacks and severe, moderate, or mild mental retardation, respectively. The corresponding rates in generalized tonic-clonic seizures were as follows: 66.6, 83.3, and 64%. Further evidence that supports the absence of relationship between severe mental retardation and seizure outcome in our study is that in most patients with Lennox-Gastaut syndrome, which is characterized by moderate to severe mental retardation, there was significant improvement in drop attacks (75% of the patients) and generalized tonic-clonic seizures (62.5%). These findings suggest that an FO could be achieved in patients with severe mental retardation, and similar findings have been noted by many others. 17, 20, 24, 26, 43, 44 Thus, we suggest that there is no association between severe mental retardation and UFO.
The results of the present study are in line with those from previously published case series demonstrating that anterior callosotomy produced significant improvement in patients with some common epilepsy syndromes. 3, 7, 15, 16, 32 More than half of the patients with Lennox-Gastaut syndrome, tuberous sclerosis, or Sturge-Weber syndrome showed FO, and the association with seizure outcome for the 2 most disabling seizure types (drop attacks and generalized tonic-clonic seizures) was significant.
Authors of previous CC case series have suggested that the predominant preoperative interictal pattern in the patients who have a better surgical outcome is multifocal bilateral spike and sharp waves. 21, 31 Others, however, have reported that patients with focal or lateralized EEG ab-normalities and either unilateral or secondarily bilateral synchronous EEG activity do better because corpus callosum section disrupts EEG bisynchrony. 13, 25, 26 Our data suggest that patients with generalized or multifocal spikeand-slow wave activity are more likely to have seizure reduction after surgery, and we found absence of lateralized interictal EEG abnormalities in the 1-year postoperative EEG to be a predictor of FO with respect to both drop attacks and generalized tonic-clonic seizures following CC. Almost half of the patients who showed bilateral interictal EEG abnormalities had seizure-free outcomes (Class A) with respect to both drop attacks and generalized tonic-clonic seizures. The persistence of bisynchronous interictal epileptic discharges was seen in some patients who underwent total callosotomy in the present study, suggesting that seizure activity in these patients spread interhemispherically via the remaining commissures (posterior commissure and massa intermedia of the thalamus) or via the cortical-thalamic system. Our results suggest that interictal EEG abnormalities are not useful in predicting the outcome after CC.
In agreement with the previous reports, analysis of our results indicated that when more than the anterior half of the callosum is resected, seizure control with respect to drop attacks and generalized tonic-clonic seizures is excellent. 9, 20, 26, 31, 33, 44, 49 In our experience, the best response was achieved in generalized tonic-clonic seizures (77.3%), followed by drop attacks (77.2%), and generalized tonic seizures and simple partial seizures (71.4%). The surgical outcomes for complex-partial seizures were relatively good compared with some other reports and favorable outcomes similar to those that we found were also reported. 10, 26, 31, 40, 44 Variations in seizure response with respect to complex-partial seizures have been reported, ranging from 25 to 75% and also complete cessation after complete section. 11, 13, 46 Complex-partial seizures in our patients arose mostly in the frontal lobe and did not show the typical manifestations of temporal lobe seizures. Furthermore, patients with improved complex-partial seizures often also had drop attacks and experienced simultaneous improvement in both seizure types. Unlike the majority of previously published case series, our study showed that simple partial seizures may also respond satisfactorily to CC.
In 11 patients, new seizures developed after CC in this series. In 3 of these 11 patients, Lennox-Gastaut, SturgeWeber syndrome, or tuberous sclerosis was diagnosed. All new seizure types were of frontal or frontoparietal origin and were mild and not as disabling as preoperative seizure types. Imaging findings showed diffuse cerebral atrophy in 5 patients and were normal in the 6 others. It has been speculated that development of new types of focal seizures may be due to the prevention of spread of epileptic activity, with new focal seizures replacing aborted generalized seizures, 11 or that CC disrupts the inhibitory control mechanisms on the seizure focus exerted by the contralateral hemisphere. 48 There is no doubt that surgical complications after CC are mainly due either to excessive division of the corpus callosum or retraction and trauma to the dependent hemisphere. Injury to important veins draining into the superior sagittal sinus may be another cause of complications. In this case series, we did not find permanent complications after CC and there was no death related to the surgery. Microsurgical technique, lateral decubitus positioning (elimination of retraction of the dependent hemispheres), use of CUSA, use of neuronavigation, and refinements in selection criteria for CC in this series probably explain the better results in terms of seizure outcome and morbidity rate. We specifically try not to open the ventricle, which may decrease the rate of meningitis or hydrocephalus.
The morbidity rate has been markedly decreased because of increased understanding of the clinical indications and improved surgical techniques. Based on the MNI experience, candidates for CC fall into 2 main groups:
1-3 individuals with secondary generalized epilepsy, frequently of the Lennox-Gastaut type, and those with a more or less lateralized, widespread epileptogenic abnormality and evidence of secondary generalization of the epileptic discharges. In both groups, clinical seizure patterns are mainly generalized, with relatively minor lateralization or focalization. Tonic attacks or drop attacks, in which the patient falls like a log, forward or backward, without being able to protect him-or herself, have emerged as a seizure pattern particularly likely to respond to CC. Patients with multifocal epilepsy including some with bilateral lesions, benefit from the procedure, particularly if the seizure patterns and EEG abnormalities are generalized.
1,2 The indications for CC are based largely on the severity of the epilepsy and particularly on the seizure type.
2,3 Thus, one would not, at present, consider CC in a patient who has only absence attacks or infrequent tonic-clonic seizures. On the other hand, patients with tonic drop attacks and frequent severe generalized tonic-clonic seizures may be considered for CC.
Methodological Limitations
We realize that there are methodological limitations to this study. First, this study is retrospective. Second, the study should have included detailed pre-and postoperative neuropsychological test results. Thus, we strongly suggest that future studies should provide neuropsychological outcome after CC.
Conclusions
Based on our own experience, we believe that in patients with medically intractable epilepsy not suitable for focal resection, CC is an effective treatment for several seizure types. Drop attacks and generalized tonic-clonic seizures are the most likely to improve after CC, whereas complex partial seizures are associated with the worst outcome. Generalized tonic, simple partial, and myoclonic seizures also improved after this procedure. Severe mental retardation does not preclude improvement and should not be considered a contraindication. Preoperative interictal EEG lateralization and cerebral structural abnormalities do not have an effect on seizure outcome. The most appropriate surgical strategy seems to be the resection of the anterior two-thirds of the callosum, but posterior extension may be considered as a second step if the first fails. The reduced dosage of AEDs and resultant improvement in func-tioning lead to family satisfaction. When considering this procedure, the treating physician must thoroughly assess the expected benefits, limitations, likelihood of residual seizures, and the risks and explain them to the patient, his or her family, and other caregivers. 
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